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(57) Abstract 

Ligands useful for transition metal catalyzed bond forming reactions are provided with a metal binding portion having at 
least one metal binding moiety (I), wherein Ar and Ar' each is an aiyl or a heteroaryl. These ligands may be prepared by provid- 
ing an aromatic carboxylic acid having a diarylphosphino or diheteroarylphosphino substituent on the aromatic ring, and form- 
ing an ester or an amide derivative of the carboxylic add by coupling with a chiral diol or a chiral diamine. The ligands facilitate 
flexible strategies for enantiocontrolled construction of five membered carbocyclic rings with varying substitution patterns and 
high enantioselectivity. 
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x-^^-iH ol' Hh^ Tnvention- tes to use 

The present invention generally relates to u 

Of lUanas .or c^ass of asy^e.ric 

and chiral amines . 

organic sy.«.esis st». :ZJ^:^^iTJ~ 

Which fall outside the realm or reactions 

Offer the uni<^e "PP;^-^-^^ : aKinrana/or 
molecules « partioxpate xn a ^ ^,„,ainating to 

^i„, process in an «'»";~;:^L=. of absolute 
the active metal center. Tne i»p „v,*,i„lna 
stereochemistry and the difficulty of o"**^""' 
To^^lral co.pounas by traditional .ethods has prov.ded 
the motivation for developing new methods for the 

creation of chirality. 

Enantioselective catalysis in general hxnges 
r. ability to convert enantiotopic transition 

upon the abilxty transition states by the 

states into aiastereotopic transition 
Introduction of complementary stereogenic centers into 
^e live catalyst. The energy difference between the 
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diastereotopic transition states (AAGj) thus detennines 
the enantioselectivity in the reaction. Small energy 
differences between the two transition states translate 
into relatively large differences in enantiomeric 
excess* The vast majority of unoptimized asymmetric 
metal-catalyzed reactions reported in the literature 
have enantiomeric excesses below 80% « 

Among the many bond forming reactions where 
chiral ligamds can be used in transition metal catalysis 
is in the synthesis of glycosidase inhibitors. These 
molecules have a niamber of functionalities and rich 
stereochemistry^ which make them extremely challenging 
targets for total synthesis. 

In enantios elective transition metal catalyzed 
reactions, the use of asymmetric ligands is essential 
(either as a temporary template to create a chiral 
complex or as a permanent part of the metal complex) 
since stereogenic metal centers cannot be readily 
derived from the chiral pool. Phosphines play an 
important part in transition metal chemistry because of 
their ability to form stable transition metal complexes 
and to ijiodify reactivity through both sterics and 
electronics. A very large number of chiral phosphine 
ligands have been prepared, although only a small 
portion of them have gained popular use. A 
representative sampling of some of the common chiral 
phosphine ligand designs that have been investigated are 
shown below. 
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Enantiodiscrimination between 1-cyclopenten- 
3,5-diol derivatives is directly applicable to the 
synthesis of prostanoids (see Kitamura et al., "Kinetic- 
Resolution of 4-Hydroxy-2-cyclopentenone by Rhodixm 
Catalyzed Asymmetric Isomerization" , iPetrahedi-on Lett. , 
1987, 28, 4719) and carbanucleosides that are potential 
anti-viral and anti-tumor compounds (such as carbovir 
and aristeromycin, the latter discussed by Trost et al. , 
J". An. Chem. Soc. , 1988, 110, 621 (1988). 



20 



25 



30 



Summary of t:ht> Tnvention . 

It is an object of the present invention to 

provide a new class of ligands that are useful for 

transition metal catalyzed bond forming reactions. 

In one aspect of the present invention, a 

ligand is provided that is useful for transition metal 
catalyzed bond forming reactions and comprises a metal 
binding portion bound to a chiral scaffold. The chiral 
scaffold is derived from an asymmetric alcohol or an 
asyaanetric amine. The metal binding portion has at 
least one metal binding moiety with the structure 
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— C— Ar — ^P— Ar'2 
Wherein Ar and Ar' each is an aryl or a heteroaryl with 
5 a single ring or fused rings. The metal binding portion 
and the chiral scaffold are preferably bound with two or 
three metal binding moieties for each chiral scaffold. 
The chiral scaffold preferably is a c, symmetric diol or 
diamine. 

3^0 in another aspect of the present invention, a 

method for preparing ligands useful for transition metal 
catalyzed bond forming reactions comprises providing an 
aromatic carboxylic acid having a diarylphosphino or 
diheteroarylphosphino substituent on the aromatic ring, 

15 and forming an ester or an amide derivative of the 
carboxylic acid by coupling with a chiral diol or a 
chiral diamine in the presence of dicyclohexyl- 

Ccirbodiimide . 

Xn a further aspect of the present invention, 

20 a method for synthesizing cyclopentane analogs of carbo- 
hydrates comprises asymmetrically introducing hetero- 
atoms around a cyclopentane nucleus of an intermediate 
while controlling the introduction by inducing an 
enantiomeric excess. Control is exercised by contacting 

25 the intermediate with a transition metal and a ligand 
for the transition metal. The ligand has a metal 
binding portion bound to a chiral scaffold. The chiral 
scaffold is derived from an asymmetric alcohol or an 
asymmetric amine. The metal binding portion is an aryl 

30 carboxylic acid derivative or a heteroaryl carboxylic 
acid derivative with a diarylphosphino or diheteroaryl- 
phosphino substituent on the aryl or on the heteroaryl 
moiety. The chirality of the ligand may be selected so 
as to correspond to the desired absolute stereochemistry 
35 induced in the transition metal catalyzed reaction. 
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Ligands of the invention can be easily and 
flexibly prepared over a broad spectrum of chiral 
scaffolds for high levels of asymmetric induction. 
Inventive ligands preferably contain a plurality of 
5 metal binding sites and are capable of forming 

symmetrical complexes. Among the inexpensive and 
readily available chiral diols useful for derivatizing 
2-diphenylphosphinobenzoic acid to prepare ligands in 
accordance with the invention are mannitol and tartaric 
10 acid, with particularly effective ligands prepared from 
chiral diamines. 

Petajled Dpscription of the Preferred Embod t m^TH-g . 

Many ligands in accordance with the present 
invention give enantiomeric excesses ("e.e.") of about 
15 75% or greater when tested in a relatively difficult 
transition metal catalyzed bond forming, five membered 
ring reaction. This e.e. test involves the ability of 
a chiral ligand to participate with palladium in a 
catalysis illustrated by Reaction l below. 

REACTION 1 



^« Ts . 



(* Present in a catalytic amount) 
Unless otherwise indicated, the enantiomeric excesses 
obtained and reported herein will have been obtained 
with the <^clopentene diol substrate illustrated by 
25 Reaction 1. However, we have also obtained enantiomeric 
excesses through use of the inventive ligands in bond 
f onning reactions involving six and seven membered rings 



HO^.X\.-.OH 1 ) 2 eq. TsNCO 



2) catalytic 
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up to almost 100% (that is, obtaining reaction products 
that are substantially optically pure) • 

Transition metal catalyzed bond forming 
reactions (with which ligands in accordance with the 
5 invention are useful) are well known in the art, and 
among the recent reviews describing such reactions, are: 
(1) Consiglio et al., "Enantioselective 
Homogeneous Catalysis Involving Transition-Metal-Allyl 
Intermediates", Cham. J?ev. , 1989, 89, 257-276; 
10 (2) Noyori et al., "Enantioselective 

Catalysis with Metal Complexes. An Overview." Modem 
Synthetic Methods, Vol. 5, Scheffold, ed. , Springer- 
Verlag: Berlin, 1989, 115-198; 

(3) Noyori, , "Chemical Multiplication of 
15 Chirality: Science and Applications, " Chem. Soc. Rev., 

1989, 18, 187-208; 

(4) Ojima et al., "Recent Advances in 
Catalytic Asyiumetric Reasons Promoted by Transition 
Metal complexes". Tetrahedron, 1989, 45, 6901-6939; 

20 (5) Blystone, S.L. , "Synthetic Applications 

of Enantioselective Organotransition-Metal-Mediated 
Reactions," Chem. Rev., 1989, 89, 1663-1679; 

(6) Brunner^ H.T., "Enantioselective 
Synthesis with Optically Active Transition Metals," 

25 Chapter 4 in The Chemistry of the Metal^CarJbon^Bond, 
Vol. 5, Hartley, ed. , John Wiley & Sons: New York, 
1989, 109-146; 

(7) Brunner, H.T. , "Enantioselective 
Synthesis with Optically Active Transition Metal 

30 Catalysts," Synthesis, 1988, 645-654; and 

(8) Merlic, C.A., "Ch. 3. Transition Metal- 
Mediated Asymmetric Allylic Alkylations, " Molybdenum 
Catalyzed Allylic Alkylations, Ph.D., University of 
Wisconsin, Madison, 1988, pp. 78-79. 

3 5 Among such transition metal catalyzed bond 

forming reactions are those involving palladium. One 
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application of this invention is to form cyclopentane 
analogs of carbohydrates through use of the inventive 
ligands and palladixam. Preparation of mannostatin A 
exemplifies this class. Particularly preferred 
5 asymmetric ligands of the invention for transition metal 
catalyzed reactions are derived from 2-diphenyl- 
phosphinobenzoic acid (2-DPPBA) as ester or amide 
derivatives of chiral alcohols and chiral amines. 

The 2-DPPBA may be derivatized with any of a 
10 wide variety of chiral alcohols or chiral amines, 
preferably by coupling in the presence of dicyclohexyl- 
carbodiimide fDCC) , as illustrated by Reaction 2. 



REACTIOM 2 




While a derivatized 2-DPPBA is a particularly 
15 preferred manner of practicing the present invention, 
with 2-DPPBA forming the metal binding moiety of the 
inventive ligand, other aromatic carboxylic acids can be 
used so long as the aromatic carboxylic acid carries a 
diarylphosphino (or a diheteroarylphosphinoy substi- 
20 tuent. Thus, the necessary phosphino sxibstituent and 
the carbonyl substituent may be on an aryl or heteroaryl 
^st. is further substituted by a moderately or weakly 
activating or deactivating group, such as with an alkyl 
group (branched or iinbranched) usually with not greater 
25 than about ten carbons, a halide, or an alkoxy (e.g., 
— OCH3, — OC2H5, etc.). Alternatively, the single aryl 
ring exemplified by 2-DPPBA can be replaced with a fused 
aryl or heteroairyl ring, such as, for example, naphtha- 
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10 



l.„e (optionally substituted as just descrxbsd for the 

single aryl ring) . m such an instance of fused rxn^, 

th. necJsary phosphino substituent and the carboxyl 

substituent can either be 1,2 on the one r.ng or can be 

1,3 across th. two rings. Anong the heteroato,» that 

^^«rti*» or fused heteroaryl rxng of the 
can form the single or iua««s" 

::i,tic carboxylic acid fro» which the inv»t^e 
ligands may be derived are nitrogen, o:q,g.n and sulfur 
Illustrative, suitable hetero«nrl carboxyUc acids on 
Which the diarylphosphino (or dih.t.roarylpho.ph.no) 
group can be substituted include compounds such as 

PAf= ^CO»H PAfg.,^ ^COi" 



15 



20 



X = O.S. NR 



PAr' 




CO2H 



.CO2H 




Oct'" 

AS is illustrated by the preferred embodiment 
derived from 2-DPPBA, the carboxyl group and the 
diphenyiphosphino group are preferably xn an ortho 
relationship, which serves best for the Ixgand 

Thus, to summarize, ligands of the invention 
have metal binding portion that is bound to a chxral 
scaffold. The metal binding portion has at ^-^^ 
metal binding moiety (preferably two and sometimes 
three) with the Formula 1 structure: 



O 
II 



-AT — V — ^Ar'i 
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wherein Ar and Ar» each is an aryl or a heteroaryl with 
a single ring or fused rings • An illustrative 
heteroaryl for Ar» is, for example, 2-furyl. The 
"PAr»2" moiety will sometimes hereinafter be referred to 
5 as an "aromatic phosphino." 

When the chiral scaffold is derived from an 
alcohol, then it and the metal binding portion will be 
bound through an ester linkage. When the chiral 
scaffold is derived from an amine, then it and the metal 
10 binding portion will be bound through an amide linkage. 
That is, the metal binding portion (or portions) and the 
chiral scaffold are preferably covalently bound. 

A great number of chiral alcohols and chiral 
amines are suitable for coupling with the aryl or 
15 heteroaryl carboxylic acid. We have found it most 
convenient to conduct the coupling reaction in the. 
presence of DCC because our attempts with alternate 
strategies have frequently led to the formation of tar. 
We have also found that the DCC coupling reaction when 
20 using alcohols is sensitive to steric hindrance of the 
reacting alcohol. Thus, primary or secondary alcohols 
are preferred when a chiral alcohol is selected. Table 
1 summarizes a variety of inventive embodiments. 

TABLE 1 

25 Inventive 

L i g a n d e.e. from 

Embodiment Structur e of the Liaand Reaction l 



(+)-6.24 40% 
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Inventive 
L i g a n d 
Til^n ^i^ndiment 

5 (+)-6.25 



(-)-6.26 



(+)-6.27 




Ph^R 




e.e. from 
64% 



61% 



80% 



(-)-6.27 



79% 



(-)-6.28 



78% 



10 (+)-6.29 



(-)-6.31 




75% 



60% 
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Inventive 
I* i g a n d 

(+)-6.32 



14 

TABLE 1 iconli.) 
Structure of the Liaanri 



pph/ 




e.e. from 
Reaction j 

88.1% 



10 



Our earlier ligand designs had involved the 
use of acyclic diols to give ligands exemplified by 
ligands 6.24 and 6.24 (as designated in Table l) . More 
rigid chiral cyclic diols, such as the ligand derived 
from the benzyltartriimide, led to even better enantio- 
meric excess (ligand embodiment 6.29). This is a 
particularly preferred ligand embodiment from diols 
because it is derived from the inexpensive and readily 
15, available tartaric acid. In general, however, the bis- 
amide ligands give better e.e. than the bis-esters. We 
attribute these results to the rigidity of the amide 
linkage, which tends to freeze rotational freedom at the 
carbonyl-heteroatom bond. 

The invention will now be further illustrated 
by the following examples describing the preparation of 
ligand embodiments summarized in Table l. Example A 
exemplifies the (known) preparation of the particularly 
preferred carboxylic acid precursor, 2-DPPBA. Examples 
B and C give two alternate general procedures for the 
preparation of ligands from the 2-DPPBA in a coupling 
using Dec. Examples i-8 describe in detail the 
preparations of the ligands summarized in Table l. The 
remaining examples then illustrate some uses of the 
30 inventive ligands. 



20 



25 
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EXAMPLE A 

Prepar ation of 2-Diphenvlphosphinoben2oic acid . 2-DPPBA , 
To a 100 loL recovery flask equipped with a 
reflux condenser containing inethyl-2-iodoben2oic acid 
5 (4.468 g, 17.05 xunol) vinder nitrogen was added 
bis (benzonitrile) palladium dichloride (97.5 mg, 0.254 
miftol) followed by anhydrous benzene (34 mL) . Trimethyl- 
silyldiphenylphosphine (4.50 mL, 6.17 g, 23.9 mxnol) was 
added and the- .mixture was stirred at €0^C for 29 h. 
10 More trimethylsilyldiphenylphosphine (1 mL^ 1.38 g, 5.34 
mmol) was added and stirring was continued at 60 ®c for 
19 h. 

Anhydrous methanol was added (to react with 
TMSI) and solvent was removed in vacuo. To the residual 
15 mixture was added absolute eth^nol (25 joL) , water (10 
mL) , and potassium hydroxide (2.909 g, 51.84 mmol) . 
The mixture was stirred under nitrogen at 80 for 2.5 
h and then allowed to cool to room temperature. Solvent 
was removed in v^auo and the mixture was taken up in 
20 water and washed with ether to remove neutral impurities 
(discarded the ether layer) . The aqueous layer was 
acidified to pH<l with concentrated hydrochloric acid 
and extracted with dichloromethane. The organic layer 
was dried over magnesium sulfate and solvent was removed 
25 in vacuo. : The residual solid was adsorbed onto a 
minimum amount of silica gel. The silica gel was loaded 
onto a 4.3x14 cm column of silica gel and eluted with 
50% ethyl acetate/hexanes (1 L) followed by 70% ethyl 
acetate/hexanes (500 mL) • 
30 A small amount of baseline material (TLC) 

contaminated the product, so the solid was taken up in 
hot ether (100 mL) and hexanes (ca. 175 mL) was added 
with gentle warming till the solution became slightly 
cloudy. Crystallization occurred upon slow cooling 
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iinder nitrogen to afford 2-diphenylphosphinoben2oic acid 
as yellow crystals (2.775 g, 53.1%). 

EXAMPLE B 

General Procedure A for the preparation of liaands with 
5 2'-diphenYlphosphinobenzoic acid usincr DCC , 

To a dry flask containing alcohol or amine ^ 
excess 2-diphenylphosphinoben2oic acid, 5 3nol% 4- 
dimethylaminopyridine and dicyclohexylcarbodiimide under 
nitrogen -was added anhydrous solvent (THF or dichloro- 
10 methane) . * The resultant -yellow chalky laixture was 
stirred at room temperature until thin layer chromato- 
graphy indicted complete reaction. 

The reaction mixture was filtered through, a 2 
cm pad of celite (wetted with dichlorome thane) and the 
15 filter cake was washed twice with an equal volume of 
dichlor omethane . Solvent was removed in vacuo and the 
residue was chromatographed on silica gel. 

E3CAMPLE C 



General Procedure B for the preparation of Ijqands with 
20 2-diphe nvlphosphinobenzoic acid using Pgg - 

To a dry flask containing alcohol or amine, 
excess 2-diphenylphosphinobenzoic acid, 5 mol% 4- 
dimethylaminopyridine in anhydrous solvent (THF or 
dichloromethane) tmder nitrogen was added dicyclo- 
25 hexylcarbodiimide. The yellow, chalky mixture was 
stirred at room tempera tvire until thin layer chromato- 
graphy indicted complete reaction. 

The reaction mixture was filtered through a 2 
cm pad of celite (wetted with dichloromethane) and the 
30 filter cake was washed twice with an ec[ual volume of 
dichloromethane. Solvent was removed in vacuo and the 
residue was chromatographed on silica gel. 
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EXAMPLE 1 

f - r-f > -Bj s- r 2 - rdi phenvl Phosphino^ beny.ovn -1.1'- 

binaphtho 1 . 6.24 . 

(Procedure B) — The reaction was run with S- 
5 (-) -1^1 '-binaphthol (96 .8 mg, 0.338 nunol) , 2-diphenyl- 

phosphinolienzoie . .acid . (22'6.5 mg, 0.740 ininol) , and 

dicyclohexylcarbodiimide (0.167 g, 0.809 nunol) in 

dichloromethane (1.5 ml.) for 8 h. 

The residue was chroinatographed on a 2x11 cm 
10 column of silica gel with 15% ethyl acetate/ hexanes to 

give the diester, as a white solid (193.5 mg) . The 

solid was r eery stalli zed from hot dichloromethane/ 

hexanes to give the diester, (S)-BDPPB, 6.25, as white 

needles (160 ng, 54.9%). 
15 Ligand (S) - (+) -6. 24 : white needles from 

dichloromethane/hexane) , m.p. 114-116'C. 

Rf 0.55 (30% ethyl acetate /hexanes ) - 

IR (neat film from CDCI3) 3069, 3056, 3016, 3002, 2932, 
2855, 1955 (w), 1901(w), 1817 (w) , 1731 (s), 1585, 1511, 

20 1478, 1463, 1434, 1267, 1245, 1220, 1206, 1137, 1089, 
1043, 908, 807, 742, 696, 649 cm'\ 

NMR (CDClj, 400 MHZ) 6 7.89 (d, J=8.9Hz, 2H) , 7.85(d, 
J:=r7.9Hz, 2H)., 7.38(6d, J=6.9, 1.2HZ, 2H) , 7. 08-7. 30 (m, 
many H) , 7.06 (ddd, J-l .9 , 3.7, 1.3Hz, 2H) , 6.98(td, 

25 J=7.5, l.lHz, 2H), 6.75(ddd, J=6.9, 4.0, 1-2HZ, 2H) , 
1.55{H20). 

"C NMR (CDCI3, 100 MHz) 6 164.31, 146.73, 141.03(d, 
J^=27.5HZ), 137.92 (d, J=11.2Hz), 137.62 (d, »7=11.7Hz), 
134.02, 133.88, 133.82, 133.75, 133.69, 133.61, 133.41, 
30 133.16, 132.66, 132.49, 131.91, 131.36, 130.78, 129.24, 
128.55, 128.45, 128.37, 128.28, 127.73, 126.79, 125.89, 
125.55, 123.41, 121.88. 

Anal. Calcd. for CjaH^oO^Pz • 0 . 67H2O : C:79.62; H:4.76; 
Found: c:79.64; H:4.85 and c:79.58; H:5.08. 
35 ta],>=+55.44(±.55)"(cl.ll, dichloromethane). 
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EXAMPLE 2 

■f'*'^ -1 . 2 ; 5 . 6~Di -0-isoDropvlidene-3 . 4 . -bis~0- ^2 « -diphenvl- 
phosph inobenzovl) -D-mannitol . 6. 25 r 

(Procedure B) ~ The reaction was run with 
S (+)""l#2:5,6-di-0-isopropylidene-D-niannitol (0.105 g, 
0.400 nmol, Aldrich), 2-diphenylphosphinoben2oic acid 
(0.269 g, 0.878 nmol) , and dicyclohexylcarbodiimide 
(0.206 g, 0.966 nmol) in dichloromethane (1.4 ml.) for ii 
h. " 

- The residue. was chromatographed on a 2x13 cm 

column of silica gel with 10% ethyl acetate/hexanes to 
give the diester 6.25 as a clear oil (44.3 mg, 13.2%). 
Ligand 6.25: clear oil. 
0.83 (60% ethyl acetate/hexanes). 
15 IR (neat film from CDClj) 3070, 3055, 2987, 2935, 2890, 
1724 (s), 1585, 1478, 1463, 1434, 1381, 1372, 1245(3), 
1139, 1245(s), 1139, 1101, 1066, 1054, 909, 850, 745, 
697 cm'\ 

^HNMR (CDCI3, 200 -MHz) ^ 8.15(m, 2H) , 7.18-7.42 (m, 24H) , 
20 6.94(m, 2H), 5.47(dt, J-6.0, I.IH2, 2H) , 4.07(q, 
J=6.1Hz, 2H), 3.68(dd, Ji=8.5, 6.1Hz, 2H) , 3.59(dd, 
J=8,6, 6.5HZ, 2H), 1.21(s, 6H) , 1.20(s, 6H) . 
"c NMR (CDCI3, 50 MHz) S 165.46, 165,40, 141.71(d, 
J^28.8H2), 137. 97 (d, J=12.3H2) , 134.53, 134.18(d, 
25 J=20.6H2), 134.06(d, J^=21.0H2) 133.30(d, J=18.1H2), 
132.50, 131.24, 128.811, 128.69, 128.55, 128.43, 109.30, 
74.41, 72-40, 65.82, 26.18, 24.96. 
[a]n=+55. 45 (±. 15) • (c4 . 29 , dichloromethane) . 
HRMS: calc'd for CsoH^gOaPz-Caij : 823.2590. 
30 Found: 823.2590. 

FAB MS: Calc'd for CsoH^^OgPg (M+H*) : 839.2903. 
Found: 839.2916. 
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EXAMPLE 3 

(-^"S-l f 3 : 4 ,-6-Di-0-ben2ylidene-D-inannitol . - bis- f^" 
diphenvlphosphinobenzoatel . hemietherate complex. 6.26 , 
(Procedure A) — The reaction was run with 
5 1,3:4 , 6-di-O-benzylidene-D-inannitol (272 mg, 0.759 
sonol) , 2-diphenylphosphinobenzoic acid (0.5345 g, 1.745 
mmol) , and dicyclohexylcarbodiimide (0.396 g, 1.92 mmol) 
in THF (5.5 mL) for 25 h. 

The residue was chromatographed on a 2x12 cm 
10 column of silica gel with 5^10% ether/hexanes to afford 
inpvire product. The impure product was mixed with hot 
ether and dichloromethane was added with swirling until 
the mixture became homogeneous. The solution was stored 
in a refrigerator (l^'C) allowing the formation of 
15 diester 6.26 as clear plates. The crystallization was 
repeated once more for a total yield of 0.342g (46,4%) 
for the 2 crops. The product holds 0.5 mol ether of 
crystallization tenaciously . 

Ligand 6.26: m.p. 125-127 (plates from 
20 ether /dichloromethane) . 

0.59 (30% ethyl acetate / hexanes } . 
IR ,(neat film from CDCI3) 3069, 3056, 2866, 1955 (w) , 
1890(w), 1815(w), 1722 (s), 1585, 1478, 1463, 1435, 1377, 
1312, 1266, 1249, 1224, 1140, 1111, 1058, 1027, 998, 
25 909, 745, 731, 690 cm\ 

NMR (CDCI3, 300 MHz) *8.16(dd, c7=7.7, 3.7Hz, 2H) , 7.1- 
7.5(m, H) , 6.92(dd, J=7.8, 3.9Hz, 2H) , 5.49(ddd, J^=9.8, 
9.2, 5.3Hz, 2H), 5.24(s, 2H) , 4.215(d, *7=10.4, 5.5Hz, 
2H), 4.10(d, J=9.5Hz, 2H) , 3.48 (q, J=7.0Hz, 2H, 
30 etherate), 3.23 (t, J=10.4Hz, 2H) , 1.21(t, jr=7.0Hz, 3H, 
etherate) . 

"C NMR (CDCI3, 50 MHz) 5165.49 (d, J=2.6Hz), 140.51(d, 
J"=7.4HZ), 137.98, 137.88, 137.77, 137.65, 137.28, 
134.60, 134.18, 133.90, 133.73, 133.51, 133.34, 132.59, 
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13i.30, 129.02, 128.79, 128.72, 128.65, 128.1-5(m), 
128.02, 126.23, 100.87, 75.62, 67.30, 62.24, 
[tt]o=-47 . 83 (±0 . 39 ) « (cl . 68 , dichloromethane) . 

Anal. Calc'd.for CgsH^jOePj: C,74.51; H,5.17. 

Found: C,74.37; H,5.55. 



EmiPI.E 



15 



20 



f-)-1T? ,?Tt-bxsf2 '-diphenv1nhosphiTio b eng/.i«.-r»r.).i , 
diphenyl ethane , . ? 7 , 

^Procedure B) ~ The reaction was run with 
10 (+)-lR, 2R-diphenylethanediamine CO -338 g, 1.59 nmol, 
Ca]„=+103.0(±.8) »(cl.ll5, methanol) ,2-diphenylphosphino- 
benzoic acid (1.024 g, 3.343 mnol) , and dicyclo- 
hexylcarbodiimide (0.720 g, 3.493 ninol) in 
dichloromethane (lO mL) for 4 h. 

The residue was chromatographed on a 4x11 cm 
column of silica gel with 1:3 ether/hexanes (100 mL) 
then 30% ethyl acetate/hexanes (400 mL) followed by 50% 
ethyl acetate/hexanes (200 mL) to elute the diamide 6.27 
as a glass (0.798 g, 63.5%). 

Ligand {-)-6.27: white solid precipitated 
from dichloromethane with hexanes, m.p. 135-136 »C. 
Rf 0.61 (60% ethyl acetate/hexanes). 

IR (neat film from CDCI3) 3410, 3326(b), 3071, 3046, 
2979, 2937, , 2873, 1956 (w), 1889 (W) , 1818 (w) , 1733,' 
1653 (s), 1586, 1564, 1514 (s), 1459, 1154, 1122, 1091 ' 
1071, 1046, 1028 cm"^. 

'hNMR (CDCI3, 200 MHZ) * 7.64(m, 2H) , 7.15-7.35(m, 16H) , 
7.05-7. 15(m, 16H), 6.88-6.93(m, 6H) , 5.37(m, 2H) . 
C HMR (CDCI3, 100 MHZ) S 169.20, 140.53 (d, J=24.5H2) 
30 138.40, 137.69(d, J=12.2H2), 137.34(d, J=12.0H2),' 
136.77 (d, J=22.4H2), 134.34, 133. 87 (d, J^=20.5H2), 
133. 67 (d, J=21.2H2), 130.28, 128.70, 128.48, 128.39,' 
128.33(b,>l signal), 127.91, 127.86, 127.63, 127. 49' 
59.60. * ' 



25 
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Analysis Calcd. for C^z^^^^^^z^z^* C, IS. 1.1; H,5.37; N,3.55; 
P,7.85. Found: C, 79.17; H, 5 • 37 ;N, 3 . 50 ; P,8.24. 

[a]o=-27-5(±.5)^(cl.63, dichloromethane) • 

EXAMPLE 4B 

5 f-f^ -IS , 2S-bis (2 '-diphenvlphosphinobenzamido^ -1 , 2- 
diphenyle-thane . 6.27 . 

IProcediu-e. B) -,The reaction was run with (-)- 
ISy . 2S*dlphenylethanediaiaine (0.338 1.59 mmol, 

[o]p=+104 . O**. (CI • 09, methanol) , 2-diphenylphosphinoben2oic 
10 acid (1.024 q, 3.343 nmol) , -and dicyclohexylcarbodiimide 
(0.720 3*493 ninol} in dichloromethane (10 mL) for 6 
h. 

The residue was chromatographed on a 4x11 cm 
column of silica gel with 1:3 ether /hexanes (100 mL) 
15 then 3 0% ethyl acetate/hexanes (400 mL) followed by 50% 
ethyl acetate/hexanes (200 mL) to elute the diamide 6.27 
as a glass (0.980 g, 78.0%). 

Ligand (+)-6,27: white solid precipitate from 
dichloromethane with hexanes. 
20 0.61 (60% ethyl acetate/hexanes). 

[a]p«+27.4(±.6)»(cl.62, dichloromethane) . 

EXAMPLE 5 

(-^ -IR. 2R-Diamino-lN, 2N-bisf 2 ' -diphenvlphosphinobenzoyl) 
cvclohexane , 6.28 . 

25 (Procedure B) - The reaction was run with (-)- 

IR, 2R-diaminocyclohexane (0.1312 q, 1.149 mmol, 
Aldrich) , 2-diphenylphosphinoben2oic acid (0.774 g, 
2.528 mmol) , and dicyclohexylcarbodiimide (0.521 g, 
2.528 mmol) in dichloromethane (4 mL) for 9 h. 

30 The residue was chromatographed twice on 

silica gel with 15-30% ethyl acetate/hexanes (gradient) 
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to give the dlamlde 6.28 as a glass foam (0.2366 g, 
29.8%) . 

Llgand 6.28: waxy solid precipitated from 
dichloromethane with hexanes, m.p. 80-12 0®C. 
5 0.43 (50% ethyl acetate/hexanes) . 

IR (neat film from CDCI3) 3303, 3070, 2935, 2857, 
1955(w), 1887 Cw) ,.1817 (W).,_.1645is), 1538, 1478, 1434, 
1328, 1306, 1162, 1091, 909 cm'\ 

^HNMR (CDCI3, 200 MHz) S 7.57 (m, 2H) , 7.15-7.26(m, 24H) , 
10 6.91(m, 2H) , .6.31(bd, .7=7. 7H2, 2H, N-H) , 3.77(m, 2H) , 

1.87(m, 2H), 1.62(m, 2H) , 0. 9-1. 3(m, 6H) . 

NMR (CDCI3, 50 MHz) . I? 169. 46> 140.80(d, J'=24.2H2), 

137. 96 (d, <7=11 . 8Hz) , 137 . 88 (d, J*=12 . 3Hz) , 136 . 81 (d, 

iJ=21.6Hz), 134.34, 133.97 (d, ^=20.3Hz), 130.23, 128.79, 
15 128.66, 128.57, 128.51, 128.43, 127.63, 127.55, 53.68, 

31.71, 24.41. 

Analysis calcd. for C^ifi^^l^2^2Fz* C,76.51; H,5.83; N,4.06; 
P,8.97. Foiind: C,76.16; H, 6. 28 4 . 02 ; P,8.93. 
[a]j,=-46.7(±.3) (C2.366, dichloromethane). 

20 EXM1PI.E 6 

-lR.2 R-N-ben2Vl-20,30-bis (2 ' -dtphenvlphosphino- 
benzoyl^ tartrimide . 6.29 . 

(Procedure AJ - The reaction was run with (+)- 
IR, 2R-N-benzyltartrimide (0.303 g, 1.37 mmol) , 2- 
25 diphenylphosphinobenzoic acid (0.922 g, 3.018 mmol), and 
dicyclohexylcarbodiimide (0.649 g, 3.45 mmol) in THF (5 
mL) for 24 h. 

The residue was chromatographed on a 2.5x13 cm 
column of silica gel with 10-20% ethyl acetate/hexanes 
30 (gradient) to afford ligand 6.29 as an oil (0.88 g, 
70.4%). 

Ligand (4-) -6.29: clear oil. 
Rf 0.36 (1:1 ether /hexanes ) • 



BNSDOCID: <WO_931226QA2_L> 



wo 93/12260 



PCr/L'S92/10386 



23 

IR (neat film from CDCI3} 3056, 3070, 2935, 1955 (w) , 
1888 (W), 1804 (w)-; 1730(s), 1586, 1479, 1463, 1435, 1399, 
1350, 1332, 1271, 1249, 1171, 1138, 1105, 1069, 1037, 
998, 909 can"'. 

5 'h NMR (CDCI3, 200 MHz) S 8.03(m, 2H) , 7.13-7.45(m, 29H) , 
6.92 (m, 2H), 4.73 (d, J-14.2HZ, IH) , 4.58(d, .7=14. 2Hz, 
2H) . 

"c NMR (CDCI3, 75 MHz) S 168.94, 165.54, 141. 63 (d, 

J=28.8Hz), 137.66(d, J=11.2Hz), 137.39(d, J-=11.6HZ), 
10 134.72, 134.46, 134. 16 (d, J=20.9Hz), 134. 00 (d, J"- 

20.7H2), 132.96, 132.17(d, J-=18.6Hz), 131.75, 131.72, 

128.94(br), 128.81, 128.77, 129.19(d, J-=4.6Hz), 128.56, 

128.36, 128.23, 73.03, 42.81. 

[a]B=+77.5(±.3) • (cl.025, dichloromethane) . 
15 Anal, calc'd for C^^Hj^NO^Pj: C,73.77; H,4.67. 

Found: C,73.50; H,5.01. 

The ligand 6.29 is a particularly preferred 
embodiment of the invention when prepared from chiral 
diols because the chiral diol useful as the chiral 
20 scaffold in preparing inventive ligand 6.29 is readily 
derived from tartaric acid via tartrimide. Preparation 
of the tartrimide from tartaric acid is known and is 
generally illustrated by Reaction 3 as follows: 

REACTION 3 

HO O BnNH, 9\ OH 



25 The ligand 6.29 can have Bn as aryl or alkyl (such as, 
for example, lower alkyl) in addition to benzyl. 
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EXAMPI.E 7 

f-^-3~a za-3-ben2vl-lR, 5R-dihvdro3Cv~10. 50-bisr2'- 
diphenylphos phinobenzovl S-diphenvlpentane , 6 « 3 1 ■ 

(Procedure B) — The reaction was run with 3- 
5 aza-3-benzyl-lR, 5R-dihydroxy-l, 5-diphenylpentane 
(0.223 g, 0.642 inmol) , 2-diphenylphosphinoben2oic acid 
(0.413 g, 1.348 nmol) , and dicyclohexylcarbodiimide 
(0.285 g, 1.38 nmol) in dichloromethane (3 ml,) for 36 h. 

The residue was chromatographed on a 2.5x14 cm 
10 column of- silica gel with 5% ethyl acetate/hexanes and 
then rechromatographed with 5:20:75 ethylacetate/chloro- 
form/hexanes to afford ligand 6.31 as a glass oil (0.179 
g, 30.2%). 

Ligand (+)-6.3l: glass oil. 
15 0.60 (30% ethyl acetate/hexanes). 

IR (neat film from CDCI3) 3066, 3031, 2957, 2929, 2830, 
1952(w), 1882(w), 1813(w), 1716 (s) , x586, 1495, 1478, 
1463, 1455, 1434, 1361, 1310, 1268, 1252, 1141, 1106, 
1057, 1027, 1002, 965, 909cm*\ 
20 NMR (CDCI3, 300 MHZ) S a.05(m, 2H) , 6.85-7.4(m, 34H) , 

5.90(t, J-6.6H2, 2H), 3.68(d, Ji=4.0Hz, 2H) , 3.47(d, 
J^4.0Hz, 2H), 2.84 (m, 4H) , 

"c MMR (CDCI3, 75 MHz) S 165.98, 140.85, 140.81, 139.23, 
138.83, 138.35, 138.18, 138.01, 134.66, 134.44, 134.28, 
25 134.23, 134,-01, 133.96, 132.03, 130.98, 128.85, 128.68, 
128.59, 128.50, 128.28, 128.17, 128.07, 127.89, 127.79, 
127.17, 127.07, 126.73, 74.3, 58.98, 58.52. 
[tt]o=~5'04 (+.4) »(cl.79, dichloromethane) . 
LSIMS: mle 924 (M* + H,55), 618(76), 528(100). 
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EXAMPLE 8 

f-*-^ -lis • 12S-bi s r 2 * -diphenvlphostjhinobenzamido) -9 . 10- 
dihvdro-9 . IQ-ethanoanthracene . 6.32 . 

(Procedure B) — The reaction was run with 
5 (+) -lis , 12S-diainino-9 , lO-dihydro-9 , lO-ethanoanthracene 
(0.253 g, 1.071 axnol, [aj^os =+81.3* (c 2.275, 
methanol)), 2-diphenylphosphinobenzoic acid (0.6887 g, 
2.248 mmol) , and dicyclohexylcarbodiimide (0.463 g, 
2.248 sonol) in dichloromethane (5 xaL) for 10 h. 
10 The residue was chromatographed on a 4.5x11.5 

cm. colvnnn -of silica -gel with 900 mL 30% ethyl acetate/ 
hexanes to give diamide 6.32 as a glass foam (0.860 g, 
98.8%) . 

Ligand (+)-6.32: glass foam. 

15 0.63 (50% ethel acetate/hexanes) . 

IR (neat film from CDCI3) 3418, 3396, 3305(b), 3070, 
3063, 3026, 1955 (w) , 1905(w), 1885 (w) , 1818(w), 1652 (s) , 
1585, 1505(s), 1480, 1459, 1327, 1308, 1293, 1250, 1228, 
1155, 1124, 1090, 1027, 909 cm'\ 

20 NMR (CDCI3, 200 MHz) 5 7.0-7.45(m, 34H) , 6.95(m, 2H) , 

5.72(bd, J=6.8Hz, 2H, N-H) , 4.42(d, J=2.4H2, 2H) , 
3.94 (m, 2H) . 

"c NMR (CDCI3, 100 MHz) S 169.00, 141. 17 (d, J=26HZ) , 
141.028, 136.76(d, J=12Hz) , 137.36(d, »7=ll,6Hz), 
25 136.45(d, .i7=21.5Hz), 134.54, 133.95(d, J-=20.3H), 
133.79(d, J=20.2HZ), 130.36, 128.88, 128.79, 128.74, 
128.65, 128.63, 127.60(d, J=5.1Hz), 126.75, 126.64, 
126.03, 124.83. 

Analysis calcd. for Cs^H^jNjOjPj : C, 79.79; H 5.21; N, 
30 3.45. Found: C, 80.01; H 5.28; N, 3.36. 

f°f3«05=+211.2 (±.3) • (C3.35, 26«»C, dichloromethane). 
Ca]477=+84.7(±.3) •(C3.35, 25''C, dichloromethane). 
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The enantiomeric excesses obtained with the 
inventive ligands 6.24 and 6,25 are quite good (up to 
ligand 6.25), with the ligand 6.29 (which 
is believed to have a further restricted number of 
5 degrees of freedom) having a 75% enantiomeric excess. 
The amides gave even better enantiomeric excesses (about 
80-88% e.e.) and are particularly preferred embodiments 
of the invention. 

We have found that C^-symmetrical complexes 
10 (that is, the ligands which bind palladium with 

symmetry) give .high orders of . enantioselectivity and 
also permit predictable enantiomeric formation.- That 
is, we have found that the ligand stereochemistry 
predicts product stereochemistry. Thus^ while the 
15 stereogenic backbone of the inventive ligands has no 
direct interaction with the palladium-olef in moiety, the 
two otherwise independent triphenylphosphines defined by 
the chiral linkage, or scaffold, serve -to organize the 
aromatic rings into a chiral array and provide a direct 
20 relationship for absolute stereochemistry of the product 
from the catalysis. 

Example 9 illustrates a general procedure for 
palladitim catalysis with inventive ligands exemplified 
by chiral 2-(diphenylphosphino)benzoate esters and 
25 amides. 

EXAMPLE 9 

iScalemic^ -1-p-toluenes ulf onvlcvclopent-S-enof 4 , 3-d 1 - 
3aS . 6aR*oxa2olidin-2-one . 

To a flask containing a IM solution of 1R,4S- 
30 dihydroxycyclopent-2-ene in anhydrous THF under nitrogen 
was added p-toluenesulf onylisocyanate (205 mol%) 
dropwise resulting in an exothermic reaction. The 
solution was stirred at 50 »C for 1 h. 
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A dry flask was charged with an inventive 
chiral ligand (15-20 iaol% for monodentate and 7*5 inol% 
for bidentate ligands) and tris (dibenzylideneacetone) di- 
palladium (0) chloroform complex (2.5mol%) under nitrogen 
5 and anhydrous THE was added. The black-purple slurry 
was stirred at room temperature until a homogeneous 
solution was obtained and then at 50 for 10 minutes 
resulting in a clear, red-orange solution {0.05M in 
palladium) . The catalyst solution was then cooled to 

10 0®C and the bis-carbamate solution was added dropwise. 
The -reaction was. stirred at 0**C until thin layer 
chromatograph . (50% ethyl acetate/hexanes) . indicated 
complete consumption of bis-carbamate and then solvent 
was. removed in vacuo. The resulting brown-orange oil 

15 was directly chromatographed on silica gel with 10-20% 
ethyl acetate/hexanes (gradient) to afford scalemic 
oxazolidinone . 



The Example 9 procedure was used for each of 

20 the inventive ligands reported in Table 1 for product 
yields up to 100% (through use of ligand 6.25 and ligand 
6.31). Inventive ligands were used in the asymmetric 
synthesis of an intermediate for the synthesis of 
Mannostatin A (as we reported in Trost and Van Vranken, 

25 "A Flexible . strategy to Polyf unctional Cyclopentanes. 
A Synthesis of Mannostatin A", J. of Am. Chem. Soc. , 
113, 6317-6318 (1991). Mannostatin A is a highly 
specific non-toxic inhibitor of a-D-mannosidase, and 
thus this glycosidase inhibitor has potential as an 

30 antiviral agent, as well as possibly an antimedistatic, 
anti-tumor proliferative, or an immunoregulatory agent. 
Hannosidase inhibitors, in particular, have been 
suggested as potential anti-HIV agents. 

Example 10 illustrates the retrosynthetic 

35 analysis for the chemo-, regio-, and diastereoselec- 
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tivity of introduction of three different heteroatoa 
functions, on each and every carbon of a cyclopentahe, 
and thus is a- procedure that may be used to make 
carbanucleoside intermediates asymmetrically since the 
cyclopentane is a Jcey intermediate towards pseudomono- 
saccharides. The best mode contemplated for carrying 
out±his invention is building substituted five membered 
carbocydic rings with varying substituted patterns with 
high enantioselectivity. Example 10 illustrates use of 
the invention, to make a carbanucleoside in which use of 
inventive ligand 6.28 permitted the excellent enantio- 
meric .-.excess of 96%. [a2j^+l.li.(.a 4.57, CHCI3 d "»ol% 
/dba)3 Pd2-CHCl3, 3 mol% ligand, THF, quantitative yield) 
of the 1R,2S enantiomer, as determined by comparison of 
rotations to a sample whose ee was established by the o- 
methylmandelate ester nmr shifts determined on a 
transformation product derived therefrom. 

Thus, use of the inventive ligand permits 
highly flexible strategies for the controlled intro- 
duction of . heteroatbms around a cyclopentane nucleus. 



EXaMPI.E 10 



f-H)-3-Rpn2enesu1f onvl-ci s- 3a -dihvdyo-zH,eve1r>p oyTt 
rdl iso^ ^a20le-2 -oxide . 

To a mixture of Pd2(dba) 3(0^13) (200.0 ng, 
0.193 nmol) and chiral ligand 6.27 (320.0 mg, 0.464 
naol), THF (15 mL) was added. The mixture was stirred 
for 60 minutes and then cooled to 0«C. a solution of 1- 
cyclopentene-3,5-diben2oate (5.96 g, 19.4 imnol) and 
lithium nitronate (4.41 g, 21.3 mmol) in 50 mL of THF 
(wanning was necessary for the dissolution) cooled to 
0«C was cannulated into the catalyst solution over a 
period of 10 minutes. After 3 hours, the reaction 
mixture was partitioned between ethyl acetate (300 mL) 
and aqueous sodium bisulfate (10%, 100 mL) . The organic 
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layer was further washed with saturated sodium bicar- 
bonate (100 mL) and saturated sodium chloride solutions, 
dried (magnesium sulfate) and evaporated In vacuo to 
give an oil. • A solution of the product in lOO mL of i:i 
5 hexanes and ethyl acetate was filtered through a 10-cm 
silica gel column, washed with 2:1 hexanes/ethyl acetate 
to get rid of the black color. The filtrate was 
evaporated to give a yellow oil which solidified. After 
recystallization from 30% ether /hexanes, the tilted 

10 product was obtained as a white solid (4.84 g, 94.4%). 
{a]i;==lll,05«t (C=4.57, CHCI3) , 96.0% ee for- this batch. 
IR <film)-: 1609, 1583, 1447, 1337, 1199, 1175. 

NMR (300 MHZ, CDCI3) : S 7. 59-810 (m, 5H) , 6.24(in, IH) , 
5.85(m,lH), 5.73 (d, J=9.3H2) 4.42 (m,lH), 2.97(ro, 2H) . 

15 "c (75 MH, CDCI3): 138.6, 138.1, 135.3, 129.8, 129.3, 
127.9, 120.4, 86.3, 45.5, 38.7. 

MS: 265 (M+/e,71), 219(54), 160(13), 141(46), 77(100). 

f-t-) -3-Ben2enesulf onvl-cig>3a . 6a^ dihvdro-4H-cvclepent- 
rdl isoxa2ole-2->oxide . 

20 To the above W-oxide (4.75 g, 17.9 minol) 

dissolved in 100 mL of acetonitrile was added 10.0 g (3 
eg., 52.9 mmol) of stannous chloride- The suspension 
. was.. stirred at r.t. for 6 hours. The reaction mixture 
was. filtered through a Celite pad and the filtrate was 

25 evaporated. . The residue was taken up in ethyl acetate 
and insoluble materials were again removed by 
filtration. The ethyl acetate filtrate was washed 
sequentially with saturated sodium bicarbonate and 
sodium chloride solutions, dried over magnesium sulfate, 

30 and filtered, and the solvent was removed in vacuo. The 
crude product was purified by flashing chromatography on 
silica gel, elution with 4:1 hexanes/ethyl acetate to 
give 4.15 g (93.0%) of the title compound. [a)p=i83.08* 
(c»4.69, CHCI3) . 
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IR (film): 3068, 2929, 2866, 1583, 1561, 1447, 1329, 
1311, 1159. 

^HMMR (300 MHz, CDCI3) ; 5 8.00(d, J=7.2Hz, IH) , 7.74 (1:, 
J=7.15HZ, IH), 7.60(t, J=7.2H2, 2H) , 6.09 (m, IH) , 
5 5.91(dd, J=9.3, l.lHz, IH), 5.82(m, IH) , 4.20(td, J=9.6, 
1.9H2, IH)., 3.10(dt:, J=18.7, 2.0Hz, IH) , 2.83(ddt, 
J=18.7, 8.3, 2.3H2, IH) . 

"c (75MHz, CDCI3): 162.0, 139.0, 135.9, 135.2, 129.9, 
129.4, 128.5, 95.7, 48.6, 36.8. 
10 MS: 249 (M+/e,ll), 220(44), 143(27), 108(68), 77(100). 
Anal. Calc'd for CijH^NOjS: C,57.82; H,445; W,5.61; MW., 
2249.0160- . Found: C,57.88; H,4.26; N,5.51; MW, 
249.01060. 

f'''^ ~3 -Met:hoxv~ cig-3a . 6a-dihYdro-4H-cvclopen1: rd 1 isox- 
15 azole-:? -oxide . 

A suspension consistiing of the above benzen- 
sulfonylisoxazole (4.00g, 16.1 nanol) and excess well- 
pulyerized potassium carbonate (12.0 g) in anhy<irous 
methanol (80 mL) was heated at reflux for 3 hour. 
20 Methanol was removed by evaporation in vacuo. The 
organic material was taken up in ethyl acetate, washed 
with dilute sodium chloride solution twice and dried 
over magnesiim sulfate. Filtration and concentration in 
vacuo gave a clear oil, which was p\irified by flash 
25 chromatography (4:1 hexanes/ethyl acetate as eluent) to 
Afford the title compound (1.90 g, 85.1%). [tt]p=122 . 05* 
(c=3.33, CHCI3) . 

IR (film): 2923, 2852, 1625, 1448, 1368, 1351, 1002. 
NMR (300 MHz, CDCI3) : S 6.01(dd, J=5.7, 2.8H2, IH) , 
30 5.80(dd, J=5.7, 2.1HZ, IH) , 5.68(d, J=8.4H2, IH) , 
3.85(s, 3H), 3.73 (ddd, J=8.4, 6.3, 2.9Hz, IH) , 2.64 (m, 
2H) . 

"c (75 MHz, CDCI3) : 169.4, 133,9, 130.4, 91.4, 57.5, 
46.6, 35.5 
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MS: 139(100), 124(37.8), 111(19.1), 110(19.9), 

106(22.0), 97(66.0), 82(93.0). 

HRMS: Calc'd for CjH^O^: 139.0633. Meas'd: 139.0628. 

f ") "Methvl f IS ■ - 2-hv droxv-'^-.cve1 npen-berift-l - 

5 carboxvlate . 

Mo(CO)4 (251 mg, 0.951 mmol) was added to a 
solution of the above S-methoxyisoxazoline (240 mg, 1.73 
nnol) in acetonitrile/water (30:l, 31 mL) containing 320 
mg (5.24 nunol) of boric acid under nitrogen. After 
10 heating at reflux for 7 h, silica gel (i.o g) and 
methanol (lo mL) were added with stirring continued in 
the open air for an additional 3 h. The entire mixture 
was filtered through a plug of silica gel and the latter 
washed with ethyl acetate. Concentration of the 
filtrate .in vacuo left a dark oil which was chromato- 
graphed on silica gel with a gradient elution (3:1 to 
1:1 hexai.^is/ethyl acetate) to afford 205 mg (84%) of the 
titled hydroxy ester. 

NMR (300 MHz, CDClj) : S 6.06(dd, J=5.7, 3.0H2, IH) , 
5.87(dd, J-5.7, 4.8HZ, IH) , 4.97(bs, IH, OH), 3.77(s, 
3H), 3.23(dd, J=7.2Hz). 

"C (75 MHz, CDCI3): 173.9, 135.2, 132.1, 77.1, 52.1, 
47.9, 33.6. 

(-^ - riR . 2R) -1-Hvdroxvmethvl - 3-cvclQPentent-2-o1 . 

To a stirred suspension of lithiuni aluminum 
hydride (377 mg, 10.2 mmol) in anhydrous ether (30 mL) 
was added slowly a solution of the above hydroxyester 
(414 mg, 2.69 mmol) in 10 mL of ether. The mixture was 
stirred at rt for an additional hour. Water (377 ^iL) 
was added carefully followed by 15% NaOH (377 /iL) and 
more water (I.13 mL) . The mixture was stirred 
vigorously for 1 h, filtered through a plug of celite 
and washed with ethyl acetate. Filtrate was dried over 
MgSO^, filtered and concentrated on rotary evaporator to 



25 
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give a clear oil. This product was purified by flash 
chroma-tography on silica gel column eluted with 1:1 to 
1:3 hexanes/ethyl acetate to afford 291 mg (95% yield) 
of the title diol [a] — 130. IS" (c:2.91, CHCI3) . 
5 IR (film): 3385, 3073, 2924, 2856, 1655, 1615, 1410, 
1336, 1307, 1112, 1045, 1010- 

HMR (200 MHz, CDCI3) : * 5.95(jn, IH) , 5.76(M,1H), 
4.85(bd, J=7.0Hz, IH) , 3.73(dd, J=7.0, 5.3Hz, 2H) , 
3.25(bs, -IH) , .2.37(dd, J=14.1, 8.0Hz, IH) , 2.27 (dtd, 
10 J=8.0, 2.2; 0.8Hz, IH) , 2.16 (dd, J=14.1, 2.2Hz, IH) . 

"c .(50 MHz, . CDCI3) J. 135.5, 132.5, 77.5, 62.5, 42.4, 
33.4. 

MS: 114(1.4), 105(1.5), 96(99.9), 83(100), 81(23.4), 
78(11.9), 73(3.9), 66(63). 
15 HRMS: Calc'd for C^H^Oj: 114.0681; Meas'd: 114.0697. 

(-^ - f IR . 2R) -l-Methoxvcarboxvmethvl-2-inethQxvcarboxy-3- 
cvclopentene . 

To a stirred solution of the above diol (226 
. mg, 1.98 mmol) in THF. (6.0 mL) at -78«»C was added slowly 
20 n-BiiLi (1.5 M, 3.30 tdL, 4.95 HUttol) . The mixture was 
kept at -78 »C, methyl chloroformate (461 nL, 5.94 mmol) 
was added via a syringe. After 20 minutes at -78«C, the 
dry-ice acetone bath was removed and the temperature 
allowed to rise to rt. The reaction mixture was poured 
25 into 50 mL of ether. The ethereal phase was washed with 
10% NaHSO^, saturated NciHCOj and NaCl solutions, and then 
dried over MgSO^. Filtration and concentration left a 
yellow oil, which was purified by flash chromatography 
(6:1 to 4:1 hexanes/ethyl acetate) to give 445 mg (97% 
30 yield) of the bicarbonate [a]=-l53.89«» (c=3.75, CHCI3) . 
IR (film): 2960, 1746, 1444, 1348, 1331, 1282, 1258, 
1121, 948, 792. 

NMR (200 MHZ, CDCI3) : S 6.10(ddd, J=5.6, 2.3, 2.2Hz, 
IH), 5.88(dd, J=5.6, 2.2Hz, IH) , 5.55(d, J»6.8HZ, IH) , 
35 4.29(dd, J=10.7, 8.0HZ, IH) , 4.18(dd, J=10.7, 7.1Hz, 
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IH), 3.73(s, 3H), 3.70 (S, 3H) , 2.69 (ddd, J=8.0, 7.1, 
6.8H2, IH) , 2.44 (m, IH) , 2.3 (b, 1H) . 

"c (50 MHZ, CDClj) : 155.8, 155.5, 137.9, 129.0. 82.0, 
66.7, 54.7, 54.6, 39.6, 34.3. 
5 MS: 230(<0.1), 202(<0.1), 154(7.5), 110(21.0), 

109(24.8), 95(37.2), 84(15.4), 80(14.1), 79(96), 
78(100} . 

Q- f f 1 »R . 4 ' S) -4- metbnyycarbox vmelihvl^ -2-cvclopenten-l- 
vll adenine . 

10 TO a solution of Pd(0Ac)2 (12.0 mg, 0.053 6 

mmol) in THF (0.5 nL) was added triisopropylphosphite 
(106 nL, 0.429 BUBol) , immediately followed by a n-BuLi 
(1.5 M, 107 ML/ 0.161 mmol) , After 15 minute, adenine 
(300 jng, 2.22 mmol, predissolved in 2 mL of dry DMSO) 

15 and the above bicarbonate (226 mg, 0.983 mmol, dissolved 
in 1 mL THF). was sequentially added. After stirring at 
rt for 4 ho-jrs, the solvents were removed. The dark 
residue was taken up in EtOH-CHjClj (2:1), the insoluble 
materials were filtered off, and the filtrate was 

20 concentrated in vacuo. Purification by flash chromato- 
graphy on silica gel eluted with 10% EtOH/CHjClj afforded 
260 mg (92% yield) of the titled compound. A white 
solid was obtained after recrystallization from CH2CI2 
and ether, m.p. 155-156-C, [aJo^— 44.76' (c=4.72, 

25 CHCI3) . 

IR (KBr): 3300, 3150, 1744, 1676, 1607, 1569, 1475, 
1439, 1331, 1305, 1274, 957. 

NMR (300 MHZ, CDCI3) : S 8.31(S, IH) , 7.87 (S, IH) , 
6.4(bs, 2H), 6.11(ddd, J=5.7, 2.2, 2.0Hz, IH) , 5.91(ddd, 
30 J=5.7, 2.2, 2.1H2, IH) , 4.24(dd, J-10.8, 5.3HZ, IH) , 
4.13(dd, J=10.8, 5.2HZ, IH), 3-73(s, 3H) , 3.16(m, IH) , 
2.88(ddd, J=14.1, 8.9, 8.9Hz, IH) , 1.68 (ddd, J=14.1, 
5.7, 5.6HMZ, IH). 
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"c (75 MHz, CDClj) : 156.4, 156.3, 153.6, 153.0. 150.4, 
139.4, 137.7, 131.3, 120.3, 70.0, 59.4, 55.3, 44.9, 
35.2. 

Anal, calc'd for C,53.97; H,S.23; N,24.21; Found; 
5 C,53.86, H,5.37; N,24.00. 

9-r fl'R.4'Sl-4-fHvd3-oyY' ^et:hvl^ -2-gve1 openten-1- 
vn adenine . 

. The above carbonate (105 mg, 0.363 nunol) in 2 

fflL of ethanol was tareated with 0.5 mL of 10% NaOH at rt 
10 for 2 hours. The mixture was neutralized with NH^Cl to 
pH 8 and the solvents were removed In vacuo. The 
residue was taJcen up in absolute EtOH and the insoluble 
salt was removed by filtration. The filtrate was 
concentrated and then purified by chromatography on 
15 silica gel with a gradient elution using 10% to 30% 
EtOH/CHjClg. Recrystallization from absolute methanol 
gave 82.0.mg (98% yield) of the titled compound as a 
white solid, m.p. 194-196«C, Ca]5^=-4.57» (c-.75, EtOH). 
IR (KBr): 3270, 3150, 3110, 1681, 2661, 1606, 1509, 
20 1478, 1413, 1096. 

NMR (300 MHz, DMSO-d^) : S 19 (s, IH) , 8.13 (s, IH) 
8.13(s, IH), 6.21(dd, J=3.2, 2.3Hz, IH) , 5.94(dd, J=5.S, 
2.3Hz, IH), 5.68(dd, J=5.5, 4.1Hz, IH) , 3.61(m, 2H) , 
3.02(m, IH), 2.88(ddd, J=9.0, 8.9, 6.9Hz, IH) , 1.74(ddd, 
25 J=13.8, 6.6,. 4.9HM2, IH) . 

(75 MHZ, DMSO-dg): 157.7, 153.9, 150.6, 141.2, 
140.4, 130.8, 120.5, 65.4, 61.4, 49.2, 35.5. 



It is to be understood that while the 
30 invention has been described above in conjunction with 
preferred specific embodiments, the description and 
examples are intended to illustrate and not limit the 
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scope of the invention/ which is defined by the scope of 
the appended claims. 
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It: i-S Claimg^d ^ 

!• A ligand, useful for transition metal 
catalyzed bond forming reactions, comprising: 

a metal binding poriiion bound to a chiral 
scaffold, the chiral scaffold derived from an asymmetric 
5 alcohol or an asymmetric amine, the metal binding 
portion having at least one metal binding moiety with 
the structure 

o 

II 

10 — c — Ar — ^P^ — ^ar*2 

wherein Ar amd Ar» each is an aryl or a heteroaryl with 
a single ring or fused rings. 

2. The ligand as in claim l wherein the • 
metal binding portion and the chiral scaffold are 
covalently bound with two or three metal binding 
moieties for each chiral scaffold. 

3. The ligand as in claim 1 wherein the 
chiral scaffold and the metal binding portion are bound 
through an ester linkage when the chiral scaffold is 
derived from an alcohol and through an amide linkage 

5 when the chiral scaffold is derived from an amine. 

4..' The ligand as in claim 1 wherein each of 
Ar* is a five or six member ed ring containing one or 
none of nitrogen, oxygen, or sulfur atoms in addition to 
carbon. 

5. The ligand as in claim 1 wherein the 
chiral scaffold is a tartrimide. 
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6. The ligand as in claim 1 wherein the 
chiral scaffold is derived from a bis-alcohol or a bis- 
amine and the ligand has the structure 

wherein CS is the chiral scaffold, X is O or is NH, and 
5 R is H or is an alkyl, a halide or an alkoxy 
subst:it:uent. 

7. A ligand, capable of forming 
symmetrical complexes with a transition metal for 
catalysis of bond forming reactions, comprising: 

an aryl or a heteroaryl carboxylic acid 
5 derivative, the derivative having a diary Iphosphino 
substituent or a diheteroary Iphosphino group on the aryl 
or heteroairyl moiety. 

8. The ligand as in claim 7 wherein the aryl 
or the heteroaryl carboxylic acid derivative is an ester 
or an amide derived from a chiral diol or a chiral 
diamine. 

9. The ligand as in claim 7 wherein the 
phosphino substituent is ortho with respect to the 
carbonyl group of the carboxylic acid derivative. 

10. The ligand as in claim 7 wherein the aryl 
or heteroaryl moiety includes a plurality of fused 
rings . 
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11. The ligand as in claim 1 or 7 having the 

structure 



wherein Ph is phenyl and Bn is benzyl, aryl, or alkyl. 



13. A method for prepcuring ligands, useful 
for transition metal catalyzed bond forming reactions, 
5 comprising: 

providing an aromatic carboxylic acid having 
a diary Iphosphino or a diheteroai^ylphosphino substituent 
on the aromatic ring; and 

forming an ester or an amide derivative of the 
10 carboxylic acid by coupling with a chiral diol or a 
chiral diamine in the presence of dicyclohexyl- 
carbodiimide . 



phosphino substituent is ortho with respect to the 
carbonyl group of the carboxylic acid. 

15. The method as in claim 13 wherein the 
aromatic carboxylic acid has a plurality of fused rings. 




12. The ligand as in claim 1 or 7 having the 



structure 




14. The method as in claim 13 wherein the 
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16. The method as in claim 13 wherein the 
ring of the aromatic carboxylic acid includes a 
heteroatom. 

17. The method as in claim 13 wherein the 
chiral diol is N-s\ibstituted tartriimide. 

18. A method for synthesizing cyclopentane 
analogues of carbohydrates, comprising: 

asymmetrically introducing heteroatoms around 
a cyclopentane nucleus of an intermediate while 
5 controlling the introduction by inducing an enantiomeric 
excess, the controlling including contacting the 
intermediate with a transition metal and a ligand for 
the transition metal, the ligand having a metal binding 
portion bound to a chiral scaffold, the chiral scaffold 

10 derived from an asymmetric alcohol or an asymmetric 
amine, the metal bindir.g portion being an aryl 
carboxylic acid derivative or a heteroaryl carboxylic 
acid derivative, the derivative having an aromatic 
phosphino substituent on the aryl or on the heteroaryl 

15 moiety. 

19. The method as in claim 18 wherein the 
cyclopentane analogue synthesized is a glycosidase 
inhibitor . 

20. The method as in claim 18 wherein the 
aryl or the heteroaryl acid derivative binds the 
transition metal with symmetry. 

21. The method as in claim 18 wherein the 
chirality of the ligand is selected to correspond to the 
absolute stereochemistry desired in the transition metal 
catalyzed reaction. 
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